Abstract. Although oral submucous fibrosis (OSF) is the most common precancerous lesion of the oral cavity in Southeast Asia where the habit of betel quid (BQ) chewing is popular, its molecular biological properties are largely unknown. The aim of this study was to identify the genes responsible for its pathogenesis and malignant transformation using oligonucleotide microarray. The expression profiles of 14,500 genes in human oral submucous fibrosis and normal control were analyzed using Affymetrix U133A 2.0 GeneChip arrays. The results revealed that 716 genes were upregulated and 149 genes were downregulated in OSF. Hierarchical clustering revealed that the gene expression profiles of normal and OSF were clearly distinct by these different expression genes. Gene Ontology (GO) and relevant bioinformatics tools identified a list of significant differentially expressed genes involved in immune response, inflammatory response and epithelial-mesenchymal transition (EMT) induced by TGF-ß signaling pathway. Five EMT-related genes including SFRP4, THBS1, MMP2, ZO-1, and CK18 were validated with RT-PCR. Our data suggested that gene abnormalities in immune response, inflammatory response and EMT induced by TGF-ß might play an important role in the pathogenesis and malignant transformation of OSF.
Introduction
Oral submucous fibrosis (OSF) is a chronic insidious disease affecting any part of the oral cavity and sometimes the pharynx. It has been identified as a precancerous condition and the incidence of oral squamous cell carcinoma has been estimated as 7.6% in patients followed for a period of 17 years (1). There is conclusive evidence for the role of areca nut as the major risk factor in the development of OSF, but the mechanisms by which this occurs are not fully understood. Recently, epithelial-mesenchymal transition (EMT) has been shown to be crucial for the pathogenesis of tissue fibrosis and cancer. Emerging evidence suggests that EMT is also a crucial event in oral squamous cell carcinoma (OSCC) (2, 3) . The study of Yang et al demonstrated the morphological changes in both NHOK and OECM-1 cells from polygonal or squamous to more spindle-shaped cells under the treatment of ANE (4) . Thus, we hypothesized that EMT is vital to the pathogenesis of oral cancer and OSF (5) .
Previous molecular studies on related genes have been hampered because only a few genes can be studied at any one time. Interactions between different genes or genetic pathways can be overlooked. Gene expression profiling is a powerful tool to identify and target markers associated with disease or therapy. The simultaneous analysis of numerous messenger RNA expression patterns as well as their relationship in biologic functions enables us to understand the biological process of disease development and to identify important genes involved in this process. Such RNA-based global analyses of gene expression have led to the identification of large numbers of dysregulated genes in many different types of human diseases. However, there have been relatively few reports in OSF (6, 7) .
In this study, we studied the gene expression profiles of human OSF and normal buccal mucosa tissues by using the Affymetrix U133A 2.0 chips to identify genes associated with the pathogenesis and malignant transformation of OSF. We analyzed the genes of OSF tissues screened by microarray assays to determine the molecular pathways potentially involved in OSF pathogenesis by using several bioinformatics tools. Selected differentially expressed genes were further validated using semi-quantitative RT-PCR. The results obtained from the present study, therefore, lay the groundwork for future analysis of these potential markers/targets for clinical utility in the diagnosis, prognosis and treatment of OSF. protocol was approved by the ethics committees of Central South University. All patients had palatability of chewing areca nuts and the cases who had previous local treatment for the oral mucosa or had systemic diseases (scleroderma, diabetes) were excluded. Patients were diagnosed histopathologically as OSF and staged according to the concept of Pindborg and Sirsat (8) . The clinical and histopathologic features of the subjects are shown in Table I . To decrease common confoundings, all samples were buccal mucosa of males. Immediately after surgical removal, the samples were divided to two parts. One part which included the submucous tissue was used for evaluation of the stage of OSF, the other part, which was removed of partial submucous tissue, was used for RNA extraction. Suitable samples were snap frozen in liquid nitrogen and transferred to -86˚C storage until RNA extraction.
Materials and methods

Patients
RNA extraction. Total RNA was isolated from the OSF and normal buccal mucosa tissue samples using TRIzol reagent, according to the manufacturer's protocol (Invitrogen Corp., CA, USA). RNA quantity was measured by UV spectrophotometry, and quality was assessed by the 260/280 ratio and 1% agarose gel electrophoresis. The tissue sample quality was strictly controlled to verify the RNA integrity before use in microarray experiments. Only samples with good RNA yield and no RNA degradation were retained for microarray experiments.
Microarray analysis. Total RNA (5 μg) was used to prepare biotinylated cRNAs for hybridization using the standard Affymetrix protocol (Affymetrix, CA, USA). Briefly, RNA was converted to first strand cDNA using a T7-linked oligodeoxythymidylic acid primer (Genset, CA, USA), followed by second strand synthesis (Invitrogen). The double-stranded DNA was used as template for the in vitro transcription using MessageAmp™ II aRNA Amplification Kits (Ambion, Austin, TX, USA) yielding biotin-labeled cRNA. Following cleanup and quantifying spectrophotometry, the purified biotinylated target cRNA was fragmented into short sequences. The hybridization cocktail consisted of 15 μg fragmented biotin-labeled cRNA spiked with eukaryotic hybridization control. The hybridization cocktail was first hybridized to a control microarray (Test 3) to check the cRNA integrity and to assess the system veracity. After sample quality evaluation, the human genome U133A 2.0 GeneChips (Affymetrix) were directly loaded with hybridization cocktail solution and then placed in Genechip Hybridization Oven 640 (Affymetrix) rotating at 60 rpm at 45˚C for 16 h. After hybridization, the arrays were washed on Genechip Fluidics Station 450 (Affymetrix) and scanned using Genechip Scanner 3000 (Affymetrix) according to the manufacturer's procedure.
Statistical analysis and data mining. The hybridization data were analyzed using GeneChip Operating Software (GCOS 1.4). The raw signal of individual probes for the 8 arrays were normalized against the chip with median raw signal intensity using the dchip software (dChip2006). Differentially expressed genes were identified by supervised analysis with the Significance Analysis of Microarrays (SAM) software (9) . Normalized expression values from dChip analysis were used for a two class paired SAM analysis. The SAM software estimated the false discovery rate and generated a q-value for each gene. Similar to a P-value, a smaller q-value indicates a more significant differential expression. Clustering analysis was done using Gene Cluster 3.0 software and TreeView 1.6 available at http://rana.lbl.gov/ EisenSoftware.htm (10) . We used hierarchical clustering with Average Linkage method and Correlation (uncentered ) as similarity matrix for the genes significantly differentially expressed between normal and OSF tissues.
Analysis of GO annotations and pathway was done using the Onto-Express a web-based tool available at http:// vortex.cs.wayne.edu/Projects. Html (11, 12) . We compared the differentially expressed genes which were identificated by SAM analysis. Significance was assessed by using the Table I . Clinical characteristics of samples used in this study. 
a Samples were studied using oligonucleotide microarrays. The other samples were used in the RT-PCR assay. Histopathological diagnosis of OSF in three stages: early (E), intermediate (I) and advanced (A) stages.
hypergeometric distribution, and P-values were corrected for multiple hypothesis, controlling FDR (false discovery rate). These probe set lists can be used with the Onto-Express tool, allowing one to browse through the GO terms organized in the tree structure.
Semi-quantitative RT-PCR.
Total RNA (1.5 μg) from normal or OSF samples was reverse transcribed, using the RevertAid First Strand cDNA Synthesis Kit (Fermentas, Vilnius, Lithuania) with an oligo-(dT) primer, according to the manufacturer's directions. The sequence of the primer and expected product sizes for the 6 genes are listed in Table II . PCR was performed in a total volume of 25 μl, containing 12.5 μl PCR Master Mix (Fermentas), 2 μl cDNA and 10 pmol of primer. It ran for 30-35 cycles of denaturation, annealing, and extension each at 94˚C for 30 sec, 50˚C or 54˚C for 30 sec and 72˚C for 40 sec. The amounts of cDNA generated from each sample were confirmed by comparison to the expression levels of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH), which served as an internal control. The PCR products were electrophoresed on a 1.5% agarose gel and visualized with ethidium bromide. Signals were captured with the Multi Genus Bio Imaging System and signal intensity was analyzed by the GeneTools software (Syngene, Synoptics Ltd., Cambridge, UK). The band intensities of each gene were normalized with those of corresponding GAPDH bands. Statistical analysis of RT-PCR intensity data was performed using Student's t-test. P-values <0.05 were regarded as statistically significant. SPSS software was used for statistical analysis.
Results
Differential expression of genes in OSF tissues.
We analyzed the expression of 18,400 transcripts using Affymetrix U133A 2.0 microarrays for 4 OSF and 4 normal buccal mucosa samples. After probe sets with intensities absent in all samples were removed from further analysis, we obtained a final list of 15,339 probe sets for SAM analysis to identify differentially expressed genes in OSF. Using a q-value of <5%, a total of 865 significant probe sets were identified to have >2-fold change between the OSF and normal buccal mucosa tissues. There were 716 upregulated and 149 downregulated probe sets in OSF.
Cluster analysis. To confirm the SAM analysis result, the 8 samples were grouped using hierarchical clustering with the 865 probe sets that identified the differential expression genes in OSF. The resulting expression map was visualized with Treeview 1.6 using the average linkage clustering algorithms in the cluster 3.0 software package. As expected, 4 OSF samples clustered separately from the normal samples, meaning that the differential expression genes were able to distinguish OSF from normal tissues (Fig. 1A) . The most striking subclusters were observed for immunity-related genes, mainly immunoglobulin transcripts (Fig. 1B) .
Molecular characteristics of OSF.
To translate the gene expression data into functional profiles, we used Onto-Express to analyze the GO terms of the differential expression genes. For each GO term, Onto-Express computes its significance (P-value), allowing one to distinguish prominent biological processes from non-significant events. We identified statistically significant biological processes that are associated with these deregulated genes. Using a P-value of <1.0E-5, total genes >10, Fig. 2A lists the significant biological processes represented by these deregulated genes which include cell adhesion, immune response, cell-cell signaling, inflammatory response, cell motility, phosphate transport, transcription, skeletal development, chemotaxis, transmebrane receptor protein tyrosine kinase signaling pathway, cellular defense response and epidermis development. 
----------------------------------------------------------------------------------------------------F, forward, R, reverse. -----------------------------------------------------------------------------------------------------
The differential expression genes were involved in various cellular functions making it difficult to determine any unifying pathways. Therefore, we applied the Onto-Pathway analysis tool to further identify signaling pathways that are associated with OSF pathogenesis. Fig. 2B shows all pathways with P-value <0.05 which include antigen processing and presentation, ECM-receptor interaction, focal adhesion, cell adhesion molecules, cytokine-cytokine receptor interaction, TGF-ß signaling pathway, leukocyte transendothelial migration, phosphatidylinositol signaling system, regulation of actin cytoskeleton, complement and coagulation cascades, B cell receptor signaling pathway, natural killer cell mediated cytotoxity, Jak-STAT signaling pathway, type I diabetes mellitus. Indeed, GO analysis and pathway analysis described many of the major known and expected biological processes and signaling pathways that occur in the OSF. Functional analysis of selected transcripts was also done using NetAffyx (Affymetrix), and the MILANO web server for literaturebased annotation of microarray results (http://milano.md. huji.ac.il ) (13) . Using the GO analysis, pathway analysis and a review of the literature, we identify and discuss the genes detected in OSF related to epithelial-mesenchymal transition (EMT) which is typically induced and maintened by TGF-ß and characterized by release of cells from epithelial polarity, remodeling of epithelial cell-cell and cell-matrix adhesion contacts and of their actin cytoskeleton (14) . Genes related to focal adhesion represented the largest cluster, accounting for up to 19% (37/194) of the modified genes. In addition, some other pathways related to EMT were located at the top in the pathway analysis according to the number of input genes (Fig. 2C) , including cell adhesion molecules (22/132), regulation of actin cytoskeleton (22/206) , tight junction (9/119), adhesion junction (8/77) and gap junction (6/99). The complete list of genes classified by GO and pathway is available on request. These data also showed that some genes in smooth muscle constraction and striated muscle constraction were significantly upregulated (data not shown).
Semi-quantitative RT-PCR.
To validate the gene expression profiles by an independent method, semiquantitative RT-PCR experiments were carried out using an independent set of 11 OSF and 10 normal buccal mucosa tissues. Validation of our system focused on the genes related to EMT, upregulated genes associated with EMT in OSF were secreted frizzled related proteins 4 (SFRP4), matrix metalloproteinase 2 (MMP2) and thrombospondin 1 (THBS1), while downregulated genes were cytokeratin 18 (KRT18, CK18) and zona occludens 1 (ZO-1,TJP1). GAPDH was used as the internal control. As evident from the results of RT-PCR analysis (Fig. 3) , the overall expression profiles for these genes correlated with the microarray-based findings. As compared to normal tissues, OSF tissues showed the enhanced expression of SFRP4 (P=0.003), MMP2 (P=0.041) and THBS1 (P=0.036). Similarly, the expression of genes identified by microarray hybridization to be underexpressed was lower in OSF samples than in normal tissues. For OSF tissues, reduction in the expression levels was observed for CK18 (P=0.001) and ZO-1 (P=0.000).
Discussion
Detailed studies on differential gene expression are required to further understand the molecular pathogenesis of OSF. The ability to study the expression profile of 14,500 genes simultaneously is a powerful analytical tool that should in principle help unravel the complex molecular changes presented in the fibrosis of oral mucosa caused by chewing areca nuts. However, literature on the genomewide analysis of OSF has been extremely limited. In this study, we had to compare OSF tissue against normal buccal mucosa tissues from other individuals rather than from 'normal' mucosa of patients a distance away from the lesion site because the whole oral mucosa of patients suffered OSF. That may increase biological error due to the different social habits (drinking or smoking) between patients and controls. However, to decrease common confoundings, we did our best to make the samples used in microarrya analysis consistent with each other in age, gender, sample position, thickness and the method of sample handling. In addition, we sectioned partial submucous tissues of samples in order to make the sample consistant in thickness and to decrease the influence of submucous tissue on results. In the 845 differential expression genes in OSF, some genes were previously reported by other groups using immunohistochemical assay (15) (16) (17) (18) (19) . Some genes were not yet observed in OSF but were already identified within oral squamous cell carcinoma (OSCC) (20, 21) . However, a number of genes had not been described in any reports on either OSF or OSCC. In the study of Kao et al (22) , 18 upregulated genes and 10 downregulated genes were revealed in 1316 genes. They validated the COL I and COL III gene expression of OSF as more than the normal control, while the P450 gene expression of OSF as less than the normal controls, which was also identified in our study. However, the study of Kao et al missed many significant genes because of the limited detection capacity of the microarray used. Comparing our results with the study of Tsai et al (6) , we found that a few genes represented the same trend, such as PAI-1, MMP3, STAT-1, COL4A1, TNFAIP6, CDC25B, CYP3A5, Pleiotrophin and some genes presented completely contrary trend including TIMP3, keratin 1, CDC2. Interestingly, almost all the up-regulated genes except CDC25B in growth category of OSCC shown in the study of Tsai et al had the trend to be down-regulated in OSF in our study. These genes hint at the character of the cancerization of OSF and may play an important role in the carcinogenesis of OSF.
Little is known about the molecular pathways dysregulated in OSF and knowledge of these pathways may suggest new therapeutic strategies. Therefore, we used Onto-Express to classify genes according to functional gene ontology categories. The results of this analysis are interesting in that a number of OSF deregulated genes associated with gene ontology were defined in immune response and inflammatory response processes including antigen processing and presentation, cytokine-cytokine receptor interaction, B cell receptor signaling pathway, natural killer cell mediated cytotoxity and T cell receptor signaling pathway. In addition, cluster analysis identified that some immunity-related genes, mainly immuno-globulin transcripts, were significantly upregulated. The deregulation of these genes may come from infiltrated inflammatory cells. As reviewed by Chang et al (23) , BQ components exhibit genotoxicity and may alter the structure of DNA, proteins and lipids, resulting in production of antigenicity. These events may provoke tissue inflammation, early cell-mediated immunity (CMI), and immune surveillance in BQ chewers. This study reconfirmed that immune response and inflammatory response are vital to the pathogenesis of OSF.
Except for immune response and inflammatory response, we observed some genes involved in smooth muscle constraction, striated muscle constraction were significantly upregulated. We supposed that EMT, a process by which epithelial cells lose cell-cell attachment, polarity and epithelial specific markers, undergo cytoskeletal remodeling and gain a mesenchymal phenotype (24) , may contribute to explain this phenomenon. Although some mesenchymal markers such as vimentin (1.72), α-smooth muscle actin (1.80) only revealed slight increase, some epithelial markers including CK18 (0.39), CK19 (0.06), ZO-1 (0.39) showed significant decrease. Since the role of EMT in fibrosis is evidenced in many organs (25, 26) , numerous interesting signaling pathways from bioinformatics analysis should be further investigated to gain additional insights into the biology of OSF with regard to EMT including TGF-ß signaling pathway, Jak-STAT signaling pathway, MAPK signaling pathway, WNT signaling pathway among which crosstalk and cooperation may exist during the EMT (14) . TGF-ß contributes to increased collagen level in OSF by increasing the collagen production and decreasing the collagen degradation. A recent review by Rajalalitha et al has suggested TGF-ß signaling pathway might be critical for pathogenesis of OSF (27) . Many molecular events occurring in the disease via the TGF-ß pathway described in this study were identified in our study, such as COL1A2, COL3A1, COL6A1, COL6A3, COL7A1, LOX, PAT-1, TIMP1, TIMP3. However, no mention was made of EMT typically induced by TGF-ß. In this study, we focus on EMT because it is a newly proposed mechanism but not well described for OSF. This study identified five genes associated with EMT. CK18 and ZO-1 as epithelial marker that are downregulated in EMT (26) were confirmed by RT-PCR (P≤0.001). CK18 that was used to evaluate the level of cell proliferation (28, 29) may be related with the epithelial atrophy of OSF. While protein ZO-1 is the scaffold of tight junctions that have two functions, the barrier function and the fence function (30) . We supposed that areca nut might alter the function of tight junctions by degrading the tight junctional proteins such as ZO-1. MMP-2 is critically involved in the transformation of epithelia to mesenchyme because of the ability of dissolution of the basement membrane, and MMP-2 inhibitors may be helpful in the restoration or maintenance of an epithelial phenotype (3, 31) . The increased sFRP4 gene expression and the decreased total sFRP4 protein levels were observed in renal fibrosis induced by unilateral ureteral obstruction (UUO). Recombinant sFRP4 that can reduce Wnt signaling after renal epithelial injury may potentially suppress the expression of some EMT transcription factors to prevent epithelial de-differentiation and transition into mesenchyme (32) . The role of sFRP4 in OSF is not clear, but it may possibly be further investigated as therapeutic target. TSP-1 as a protein that inhibits angiogenesis interacts with the extracellular matrix and is highly expressed in response to injuries and inflammatory reactions. The upregulation of TSP-1 may contribute to the reduction of angiogenesis in OSF. Increasing evidence shows that thrombospondin-1 is a major activator of TGF-ß in injuries or inflammatory disease (33) (34) (35) . Further studies should assess whether TSP1-mediated TGF-ß activation is a general spread mechanism involved in OSF.
Any attempt to understand OSF pathogenesis at the molecular level needs to take into consideration large sets of genes acting in parallel. In this study, by using a combined approach of Microarray-Bioinformatic technologies we have demonstrated some potential mechanisms contributing to OSF. The data indicate the groups of genes involved in immune response, inflammatory response and reveal EMT induced by TGF-ß singaling pathway as important components of the OSF pathogenesis. Several genes previously identified as deregulated in OSF were confirmed by our study in addition to identifying several novel genes with potential roles in EMT. Further studies will focus on confirming these findings in other aspects and exploring the contribution of individual genes in the context of the complexity revealed by this study.
